Studies have been surged on extreme environments and hypersaline ecosystems through the recent decades. Despite the apparent severity of the environmental conditions in the Great Salt Plain, recent phylogenetic studies carried on its soil samples have revealed a wide diversity of microorganisms. In this current study, we present the actinobacteria as one of the largest and important phenotypic groups. The Great Salt Plain of Oklahoma is an extreme region and a hypersaline environment from marine origin. Thirty soil samples were collected from vegetated and salt flat sites of the Great Salt Plain area and used for isolation. Actinomycetes were selectively isolated by employing four different media. A total of 358 actinomycetes isolates obtained from the Great Salt Plain soil samples. Based on morphological and physiological characterization 155 representative isolates were chosen for phylogenetic diversity, salt tolerance, and antimicrobial activities. Results from the 16S rRNA gene sequence analysis indicate that, the isolates could be grouped into two genera; phylotypes were detected at high frequency, and affiliated to the genus Streptomyces, and phylotypes were detected at low frequency, and affiliated to the genus Nocardiopsis. The majority of the isolates were of hypersaline or marine origin. 38% of actinomycetes isolates were able to grow at 10% salinity, and only 7% of actinomycetes shown salient ability at 15% salinity. Of the 155 isolates, 44 strains exhibited anti-MRSA bioactivities. To our knowledge, this research paper is the first report on the isolation of actinomycetes members from hypersaline environment of the Great Salt Plain of Oklahoma. This current study confirms that the Great Salt Plain harbors significant diversity of actinobacterial communities, and illustrates their potential for production biologically `2 active molecules. Due to the high bioactivity percentage, broad bioactivities against both MRSA strains, the isolated actinomycetes presented their capability in pharmaceutical application.
Introduction
The Great Salt Plains (GSP) is a unique area of the Salt National Wild Refuge in the north-central region of Oklahoma. It is distinguished by a very broad area of salt flat GSP contains shallow ponds of saturated brine of mainly sodium chloride; on the other hand it also has ephemeral pools that are associated with shift in microbial diversity (Major et al., 2005) . Although the salt source exists in the form of buried marine deposits, but there is no recent association with marine system, and the nearest marine system is the gulf of Mexico which is located at~900 km. therefore the GSP considers an athalasic environment (Herbst, 2001) . The dynamic change in salinities from zero to saturation, the high temperature of the surface, the freezing winter, alkaline pH, desiccation, and unlimited intense UV irradiation pressed the selection of microbial structure that led to novel taxa. It was reported that, environment unruly force changes in microbial diversity; the intermediate disturbance hypothesis states that, very stable or very unstable environments will generate less diversity than moderately unstable environments (Petraitis 1989). Therefore the GSP considers an extreme environment with a moderate level of disturbance, and harbors more microbial diversity than regular environments, and is a part of an interconnected group of microbial observatory, sponsored by the National Science Foundation, and has named the Salt Plains Microbial Observatory, to help researchers to study the microbial community there. frequently an important method to reveal new actinomycetes. In the current study we have used several isolation media to investigate the diversity of actinobacteria in the GSP.
This current study addressed fundamental points: (1) How does the actinomycetes community structure differ between the vegetation sites (rhizosphere areas) and the salt bare regions? And (2) Have the different habitats i.e. vegetation and salt flat been influenced the structure of actinomycete members? (3) What is the salient potentiality of the isolated actinomycetes (4) Do the recovered actinomycetes have the potential to produce anti-MRSA biological molecules? To address prospective answer for these questions, we set Our hypothesis are; the GSP sediment soils harbors diversity of actinomycetes, the majority of them would be related to hypersaline and marine origin, and other members are not related to hypersaline or marine environment (genetic links and mixing with terrestrial actinomycetes). Rhizosphere areas have a complex relationship between plant roots and soil particles providing a variety of carbon sources, amino acids, organic acid and carbohydrates, that consumed by actinomycetes to generate energy. Actinomycete isolates would have salient tolerance, and some of them have antagonism bioactivities against MRSA strains. We support our hypothesis by previous studies which recovered actinobacterial diversity from marine sediments by culture dependent methods and found they possess antimicrobial bioactivity. The purpose of the present study was to reveal the biodiversity of actinomycetes at the GSP by isolation and `6 taxonomic identification to evaluate the ability of the actinomycete isolates to tolerate different salinity concentration spectrum, and to exploit them for production of anti-MRSA compounds. A total of 358 actinomycetes isolates have been isolated, and 155 isolated have been chosen according to morphological and biochemical characterization for further study for phylogenetic analysis, screening of salinity potential and the ability to produce anti-MRSA compounds. Since there were no previous reports on the actinobacteria diversity present in the GSP, we undertake this current study to be the first one to isolate and characterize actinomycetes at the GSP.
Materials and Methods

Ethics Statement
A specific permission was required for this present study. The location is a protected area. This study did not involve any protected or endangered species.
Site Description
The GSP sampling sites are located within 600 m of each other, unvegetated samples were collected at north of Clay Greek, near the western and eastern edges of the barren salt flats, and towards the side of Sandpiper Trail and Observation Tower.
Vegetated samples were collected at south of Clay Greek, near the western and eastern edges of barren salt flats, and towards Crystal Digging Area and Observation Tower (Fig.   1 ). The GSP are barren sandy mud area covering almost 65 km 2 , the sample sites are in areas of the GSP, which show surface salt crusts from continues reform of saturated NaCl brine resulting from underlying strata. The sampling sites are experienced flooding with freshwater during rain events. The salt flat is permanently covered by salty surface despites, except in the event of rainfall. Salt deposits are subject to sharply dilution by rainfall, which lowers the salinity of those areas. Saline system at the GSP is considered as a poikiloenvironment, hence, it is expected the rainfall events result dramatically 
Sample Collection
Thirty soil samples were collected including 21 unvegetated salt flat sites, and 9 
Isolation of actinomycetes
10 g of dried soil sample was adding to 90 ml of autoclaved water. After vigorous shaking for 20 minutes, the soil suspension was allowed to settle for 5 minutes and diluted to 10 -3 using autoclaved water. The diluted sample was then variously shaken for 1 minute before 100 µl of 10 -3 dilution was inoculated onto agar media and spread with sterilized glass rod. All soil samples were inoculated onto four different isolation media.
All agar media were princely prepared and autoclaved at 121ºC for 20 minutes. The 
Nucleic acid extraction
Genomic DNA was prepared as follows: actinomycete isolates grow on Starch
Nitrate Agar for 5 to 7 days at 30°C. The aerial and vegetative growth were harvested and macerated, and used to extract the genomic material following the protocol described 
Electron microscopy
Actinomycete cells were grown for 5 to 10 days onto Starch nitrate agar. The aerial growth was touched by stamp and then sputter coated with gold-palladium alloy under vacuum. Samples were then visualized at a magnification of x4, 000 by using a (FEI Inspect S50) scanning electron microscope.
Nucleotide sequence accession number
16S rRNA gene sequences were deposited in BioProject under the accession numbers:
PRJNA356259 ID: 356259; www.ncbi.nlm.nih.gov/bioproject/?term=prjna356259
Screening the GSP actinomycete for salinity potential
The capabilities of 155 actinomycete isolates were investigated. Suites of Starch glycerol nitrate plates were prepared and supplemented with salinity ranged from (0, 3, 5, 10, 15, 20, 25, and 30%) . A total of 155 actinomycete cultures were grown in Starch glycerol liquid culture for at 30°C and 200 rpm for 7 days. The culture cells were transferred to 96-multiwell plate and labeled. Using autoclaved 96 multi-applicator combs actinomycete cell were moved and plotted onto the plates and incubated at 30°C.
The growth of actinomycete cells on plates were detected after 5 to 7 days and considered a positive result.
Production media for anti-MRSA and Screening the GSP actinomycete using disk diffusion method for anti-MRSA bioactivities
The antimicrobial potentialities of a total of 155 were tested against two MRSA strains of actinobacteria isolates on the media plates, three hundred fifty eight presumptive actinomycetes were successfully isolated from the GSP (actinomycetes could be recovered from 21 soil samples, and 9 soil samples were not be able to produce actinobacteria). The 9-vegetated soil samples and 12 out of 21-salt flat soil samples were be able to produce actinomycetes using serial dilution method. It was shown that 51(14%)
isolates were recovered from salt flat soil samples and 307 (86%) isolates were recovered from vegetation soils samples. This may be due to the presence of exudates in the rhizosphere area which enhance the proliferation of actinobacteria communities. A frequency of 52 % of the total isolates were recovered by SCA, 28%, 14%, and 8% were recovered by SNA, YMEA, and TSA respectively. This current study revealed that SCA medium is the most effective isolation medium for marine actinomycetes. Starch-casein agar medium was earlier devised by (Grein and Meyers, 1958) and was shown by However, the temperature was quite higher in this study than the range, and the effect of temperature on distribution of the actinomycetes between underneath vegetation and salt flat sites in this study was observed. We hypothesize that shrubs shooting system alleviate the high temperature effect on soil underneath vegetation sites, which significantly influence and encourage more actinomycetes frequency than the salt flat sites do, and our results emphasize our hypothesize. Total organic carbon is another physico-chemical factor which governs the actinomycetes diversity. Actinomycetes are saprophytic microbes (prefix sapro-means rotten) that depend on the availability of carbon source in environment. Actinomycetes are able to degrade organic matter in environment and accomplish the supply of carbon and other nutrients in the soil. We also hypothesize that underneath the vegetation sites, shrubs roots in the rhizosphere release exudates, which consider polysaccharide compounds in soil. These exudates naturally furnish good porosity, and organic matter that would be decomposed by actinomycetes, lead to a better proliferation, remarkable frequency and diversity of actinomycetes than the salt flat sites have, that hypothesize was confirmed by the results of this study
Phylogenetic diversity and characterization of culturable actinomycetes
One of the objectives of this study was to determine the phylogenetic assignment of the culturable actinomycetes isolated from the GSP. In total 155 actinobacteria isolates were chosen to be representatives according to employing morphological, physiological characterization for preliminary grouping. The nearly full-length (>1300) 16S rRNA genes of actinomycete isolates could be accomplished for~96, were sequenced and subjected to phylogenetic analysis. The utilization of microbiological and molecular studies has recovered the presence of moderately to extremely halophilic microorganisms showed that the actinobacteria isolates belonging to two families and two genera Streptomycetaceae (Streptomyces), and Nocardiopsaceae (Nocardiopsis). The relative abundance of isolates from these genera were as follows: Streptomyces (115 isolates: 74%), Nocardiopsis (40 isolates: 26%). Our study is the first to report the presence of these actinobacteria genera in the GSP soil samples. Members of the both genera are considered aerobic microorganisms. Nearly all of these isolates were recovered from the surface of the GSP surface and in the first centimeters down (~12-15 cm) of each biotope.
All these isolated microorganisms may use various spectrums of organic compounds and considered chemoorganitrophic. The rRNA sequences fall into two categories: (1) sequences belonging to, but not identical with organisms that previously have been Cluster-1). Isolates SGR-22-4-5%, SGN-30-1-0%, SGR-26-8-0%, and SGR-27-1-0%
were recovered from vegetation site and SGR 8-3-0% which recovered from salt flat site were found most closely related to rDNA sequence from thermo-strain Streptomyces sp. high radiation (UV), and high salinity which make shape it to be a demandable region to study the microbial communities. The combines results of this study suggest that the perspective point of actinobacteria diversity in the GSP needs more research work to determine more comprehend view of the assemblage dominance. It is noteworthy to mention that none of the isolates recovered in this current study required salt for growth.
VTTE-062974 (GenBank accession number EU430546)
Our results support the previous studies that Streptomyces are metabolically active in marine sediments (Moran et al., 1995). We confirm our hypothesis that there is a link of genetic mixing with terrestrial strains synchronized with the adaptation required for survival in the hypersaline environment of marine origin, has emerged the evolution of actinomycetes isolates belonging to Streptomyces and Nocardiopsis. It is appear that the GSP actinobacterial communities are composed of a broad scaffold of closely related species which are best identified by the combined utilization of culture dependent as employed in this study, and need continued efforts to improve cultivation techniques and along with culture independent techniques that would serve in other of our article to reveal the true extent of hypersaline actinomycete diversity.
Scanning electron microscopy
The coverslipe culture technique for spore chain morphology investigation was 
Screening of actinobacteria isolates salinity range potential
A total of 155 actinomycete isolates were screening on Starch nitrate agar plates medium supplemented with salinity range (0, 3, 5, 10, 15, 20, 25 and 30%) . Almost all isolates were be able to grow up to 5% salinity range and 38% of the total isolates 
Screening of actinobacteria isolates for anti-MRSA compounds
The problem of high spectrum of antibiotic-resistance bacterial pathogen demands discovery of new antimicrobial compounds effective against resistant pathogenic bacteria.
In this scenario it is important to screen actinomycetes from different sources of effective compounds. Isolation of microorganisms from extreme environments such as hypersaline areas, deep sea sediment, glacier regions, ant hot sulphur (Tiwari and Gupta, 2012).
Along the past decades, a large number of actinomycetes have been isolated and screened, thus accounting for 70-80% of relevant secondary substances that available commercially Unpublished). The noteworthy point in this study was the serving of SGNA medium for the production of anti-MRSA compounds. While it would not undoubtedly be surprising that the employment of other suite of production media would reveal more bioactive isolates against MRSA strains. The higher frequency of anti-MRSA bioactive actinomycete isolates tested in this current study including Streptomyces spp, and Nocardiopsis spp. could be evidence of the high capacity of halotolerant actinomycetes for producing wide spectrum of anti-MRSA active compounds.
Conclusions and future perspective
`2 2
In the current studies, research mainly focuses on hypersaline actinomycetes isolated from GSP which considers of marine origin. This started with isolation of actinobacteria on different isolation media, study the phylogenetic diversity of actinomycetes, examine the salt tolerance, and investigate the anti-MRSA bioactivities of the recovered isolates.
To our knowledge, our current study is the first microbiological study on halotolerant actinomycetes from the GSP. We did also further characterization on the phylogenetic analysis, salt tolerance, and anti-MRSA bioactivities of hypersaline actinomycete for futuristic industrial and pharmaceutical byproducts. The capacity of the isolated actinomycetes to salt tolerance, and along with their capability to secrete valuable secondary metabolites in terms of anti-MRSA compounds, initiates an attractive feature of these microorganisms. The industrial application of these microorganisms has been reported in detail i.e. bioremediation, biopolymers, production of compatible solutes . Neighbor-joining distance tree constructed in MEGA using the aligned almost complete 16S rRNA gene sequences of representing strains of Streptomyces spp. and the type strains of the most closely related species. Green shapes indicate the vegetated isolates. Yellow shapes indicate salt flat isolates. Red circles indicate the isolates that related to reference strains not belonging to hypersaline or marine environment. Bootstrap values (in percent) calculated from 1,000 reseamplings using the neighbor-joining method are shown at the nodes for values of ≥50%. Rubrobacter radiotolerance p1 was used to position the root. Genus-and species-level affiliations were carried out using maximum likelihood treeing methods.
Figure 12-continue. Neighbor-joining distance tree constructed in MEGA using the aligned almost complete 16S rRNA gene sequences of representing strains of Streptomyces spp. and the type strains of the most closely related species. Green shapes indicate the vegetated isolates. Yellow shapes indicate salt flat isolates. Red circles indicate the isolates that related to reference strains not belonging to hypersaline or marine environment. Bootstrap values (in percent) calculated from 1,000 reseamplings using the neighborjoining method are shown at the odes for values of ≥50%. Rubrobacter radiotolerance p1 was used to position the root. Genus-and species-level affiliations were carried out using maximum likelihood treeing methods.
`3 0 Figure 12 -continue. Neighbor-joining distance tree constructed in MEGA using the aligned almost complete 16S rRNA gene sequences of representing strains of Streptomyces spp. and the type strains of the most closely related species. Green shapes indicate the vegetated isolates. Yellow shapes indicate salt flat isolates. Red circles indicate the isolates that related to reference strains not belonging to hypersaline or marine environment. Bootstrap values (in percent) calculated from 1,000 reseamplings using the neighborjoining method are shown at the nodes for values of ≥50%. Rubrobacter radiotolerance p1 was used to position the root. Genus-and species-level affiliations were carried out using maximum likelihood treeing methods.
`3 1 Figure 12 -continue. Neighbor-joining distance tree constructed in MEGA using the aligned almost complete 16S rRNA gene sequences of representing strains of Streptomyces spp. and the type strains of the most closely related species. Green shapes indicate the vegetated isolates. Yellow shapes indicate salt flat isolates. Red circles indicate the isolates that related to reference strains not belonging to hypersaline or marine environment. Bootstrap values (in percent) calculated from 1,000 reseamplings using the neighborjoining method are shown at the nodes for values of ≥50%. Rubrobacter radiotolerance p1 was used to position the root. Genus-and species-level affiliations were carried out using maximum likelihood treeing methods.
`3 2 Figure 13 . Neighbor-joining distance tree constructed in MEGA using the aligned almost complete 16S rRNA gene sequences of representing strains of Nocardiopsis spp. and the type strains of the most closely related species. Green shapes indicate the vegetated isolates. Yellow shapes indicate salt flat isolates. Red circles indicate the isolates that related to reference strains not belonging to hypersaline or marine environment. Bootstrap values (in percent) calculated from 1,000 reseamplings using the neighbor-joining method are shown at the nodes for values of ≥50%. Rubrobacter radiotolerance p1 was used to position the root. Genus-and species-level affiliations were carried out using maximum likelihood treeing methods.
